Abstract -Increased dispersion of QT interval in the 12-lead ECG have been proposed as risk factor of ventriculsr arrhythmias in post myocardial infarction (post-MI) patients, but its sensitivity and specifity is low for diagnosis and/or prognosis. We evaluate dispersion in other ventricular activity intervals, in order to determine whether they improve the separation between 15 normal subjects and 15 post-MI patients compared with QT dispersion. . U 1 the interval ventricular activity dispersions measured in the Frank's orthogonal leads (XYZ) are larger in post-MI patients than in normal subjects, but the differences are significant only for JTpeak (JTp) dispersion (p = 0.03). Therefore JTp dispersion could improve the identification of post-M1 paticnts with risk of ventricular arrhythmias.
INTRODUCTION
An increase in the spatial variability of the QT interval between leads, named QT dispersion (QTd), i s considered a risk factor for malign ventricular arrhythmias in post-MI patients [ 1-41, but there is no agreement about its prognostic value [5-71, due in part to differences in the methods used to measure QTd in the 12-lead ECG [S-101. This index is affected by: an inaccurate measurement of the QT interval because of different definitions for the end of the T wave (with and without U wave); heart rate (HR); autonomic tone; no simultaneous recordings and measurement leads used.
Other intervals of ventricular activity have been considered to assess the risk of malign ventricular arrhythmias in post-MI patients. The JT interval better describes the duration of the repolarization than the QT when there is a prolongation of the QRS interval in patients [I I]. Moreover, its dispersion (JTd) is a better predictor of arrhythmia-induced cardiac death than the QTd [6] . On the other hand, a QRS prolongation can contribute to the risk of cardiac death independently of repolarization abnormalities [6] . An abnormal dispersion of the excitation could also increase the risk of ventricular arrhythmias [lZ] , and it has been shown that the dispersion of the QRS complex (QRSd) is larger in post-MI patients than in healthy individuals 1131.
The QTp interval (from Q wave onset to T wave apex), comprises more than 50 % of the ventricular repolarization and is easier to measure than the QT interval. However, its suitability as a measure of the repolarization instead of the QT remains unclear because it is known that the Tpe intervaf (from T wave apex to T wave end), is influenced by disease and exercise. yet its variation i s not reflected in that of the QTp interval [ 141.
The Tpe interval corresponds to the final part of the repolarization and it has been proposed as a more representative measure of the ventricular repolarization, because it is less dependent on autonomic modulations, HR, and QRS duration than the QT and QTp intervals 11 51.
Furthermore, it has been experimentally shown that it correlates with the dispersion of the depolarization 161, and it has been hypothesized that it represents the transmural dispersion of the depolarization [ 171.
Although it has been reported that the QTp and Tpe intervals are larger in patients with MI than in normal individuals, those differences were only significant for the QTp interval [lX] . A different study in patients with coronary artery disease susceptible to ventricular fibrillation also showed a significant increase in the dispersion of the intervals QTp and Tpe but not the QT, JT and JTp compared to controls. Nevertheless, because there was a considerable overlap between the studied groups, that measurement does not provide a useful clinical information to identify patients with risk of sudden cardiac death [ 191.
The objective of this work is to evaluate dispersion in other ventricular activity intervals, in order to determine whether they improve the separation between normal subjects and in patients with old myocardium infarct (OMI), compared with QT dispersion.
METHODS

1) Subjects and data acquisition
The study group was 15 normal subjects (12 men, 3 women; age 40 -I-12 years) and I5 OM1 patients (1 0 men, 5 women; age 43 k 14 years). The difference in age between both groups was not significant. Thirteen of these records were from the 3-lead data base (3 leads recorded simultaneously) and nine were from the multilead data base (1 5 leads recorded simultaneously).
Normal
In the pathological records with OMI, the infarct was located by means of the ECG for all the patients. There were 10 inferior infarcts and 5 anterior infarcts. The criteria used to diagnose an OM1 were a pathological Q wave longer than 40 ms or a minimal amplitude larger than a fourth of that of the QRS complex and an isoelectric ST segment 1221. All records had a normal sinusal rhythm and none had complete His bundle branch block.
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2) Dura processing and anoIysis
Patients
The algorithms to detect the points of interest in the QRS complex and T wave, necessary to measure the different time intervals, were based on the wavelet transform [23] .
The validation process of the 3 designed algorithms was performed using 25 records of the well annotated reference database for ECG measurement, the CSE multi-lead measurement database [2 13, in which the gold standard was derived by an international group of cardiologists, who visually determined the on-and 4 F s e t points of P, QRS and T waves [24] . In these 15-lead records the earliest onset (QRS) and the latest offsets (QRS and T wave) of each record were detected, and the measurements were within the tolerance limits for deviations with respect of the manual measurements determined by the CSE experts [25] .
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The following intervals were measured for each subject: QT (from Q wave onset to T wave end, defined as the return to the isoelectric line), QTp (from Q wave onset to T wave apex), QRS (from Q wave onset to S wave end), JT (from S wave end to T wave end), JTp (from S wave end to T wave apex) and Tpe (from T wave apex to T wave end).
The leads selected to analyze the dispersion of ventricular activity were: the Frank's orthogonal leads (XYZ) in the 22
records from the CSE data bases, and the equivalent set of quasi-orthogonal leads D1, aVF, and V2 [26], for the 8 records from normal subjects at rest. The dispersion was measured for each subject as the difference between the maximal and minimal interval of the three selected leads.
The leads with low T-wave amplitude or affected by artifacts were discarded and replaced by the topographically adjacent lead. The measurements of dispersion were not corrected with respect to HR [ 191. The dispersion of the intervals of ventricular activity, corresponding to normal subjects and patients with OMl, were compared by the Wilcoxon rank sum test. Two-tailed p < 0.05 was considered statistically significant. Tables 1 and 2 show the mean (m), standard deviation (sd) and level of significance (p) of the dispersions of the ventricular activity intervals in normal individuals and in OM1 patients. All the dispersions were larger in patients than in normal subjects. Nevertheless, these differences were significant only for the dispersion of the JTp interval [(37 f 14) ms versus (24 f 15) ms, p = 0.03). In this study, some relevant factors influencing the duration of the QT interval, such as age, gender, and HR, do not contribute any significant difference. The orthogonal ieads (X, Y, Z) and their equivalent set of quasi-orthogonal leads (Dl, aVF, and V2) have been used to measure the QTd dispersion, because they provide the same information that the QTd measured in the 12-lead ECG [26] .
RESULTS
With regard to the accuracy of the measurement of time intervals, particularly the T-wave end, an automated and robust computer algorithms have been developed using wavelet analysis to accuratety detect the designed computer algorithms to detect the points of interest of the QRS complex and T waves. These algorithms were validated using the CSE multi-lead measurement database [21], and the measurements were within the tolerance limits for deviations with respect to the measuremenfs by experts ~5 1 .
In agreement with previous studies, the dispersions of all the ventricular activity intervals considered were higher for OM1 patients than for healthy subjects [6, 13, 19] , but the difference was only significant for the dispersion of the JTp interval. Because the dispersion of the QRS interval in both groups does not have any significant difference, the increase of the dispersion in patients can be attributed to an increase in the heterogeneity of the duration of the action potential, hut not to regional variations in the activation time. This confirms the value of the JTp interval and suggests that the T-wave morphology reflects changes in the repolarization that result fi-om chronic infarct and ischemia [ 181.
Since most o f the sudden deaths from arrhythmia have an ischemic origin, JTp dispersion could improve the identification of post-MI patients with risk of malign ventricular arrhythmias.
